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Graphical Abstract

Introduction
Metalation of aromatic compounds is traditionally performed using lithium bases in the presence of Lewis bases that simplify their aggregation state (e.g. tetrahydrofuran (THF) as solvent or N,N,N',N'-tetramethylethylenediamine (TMEDA) as additive). 1 Nevertheless, polar carbon-lithium bonds are hardly compatible with substrates bearing reactive functions (esters, nitriles…) and π-deficient heterocycles. As a consequence, when these sensitive aromatic compounds are submitted to conventional lithium bases in deprotonation reactions, very low temperatures and/or the presence of an in situ electrophile are required. 1 By changing lithium with magnesium, the chemoselectivity of the reactions can be improved, but to the detriment of the efficiency since a large excess of base has to be used due to its reduced reactivity. 2 Activation of lithium bases by metal additives in order to obtain more efficient and/or more chemoselective deprotonation reactions is a challenging field, and many [(R) n (R') n' MLi]-type Chiral acetals being described as suitable functions to induce diastereoselective lithiation of the corresponding ferrocenes, 16 we first considered such substrates to evaluate our basic combinations.
Accordingly, the synthesis of the chiral ferrocene acetals derived from the commercially available 1,2- out with ferrocene dimethylacetal in chloroform, using p-toluenesulfonic acid as catalyst. 16a Whereas the transacetalization using the diols 1a,b gave diastereoisomeric mixtures, a single compound 2c was obtained using the diol 1c, and was characterized unambiguously by X-ray diffraction (Scheme 1). Different reagents were employed in the deprotonation of 2c, amongst all (i) the all TMP lithiumcadmium combination already identified as being able to perform chemoselective reactions efficiently, 8 (ii) other organolithiums (BuLi, BuLi·TMEDA, s BuLi, t BuLi in THF), and (iii) t BuLi· t BuOK reported as capable of deprotonating bare ferrocene. 17 Unfortunately, whatever the conditions used with the lithium-cadmium base (THF, room temperature or pentane, reflux), with the organolithium compounds (THF, -10 °C to room temperature), and with t BuLi· t BuOK (THF, -75 to -15 °C), only starting ferrocene, ferrocenecarboxaldehyde (deprotection of the acetal function), and its corresponding addition derivatives were observed after the workup with no deprotonation occurring at all.
O-isopropylidene-3-O-methyl--D-glucofuranose
18
Undeterred by these results, we considered the involvement of the Kagan's ferrocene acetal 16a,16c,16s 2d (derived from the commercially available triol 1d) in the deproto-metalation using lithium-zinc and lithium-cadmium combinations (Table 1) . Using the base in situ prepared in THF at 0 °C (15 min) from ZnCl 2 ·TMEDA (1 equiv) and Li(TMP) (3 equiv) led, after 2 h at room temperature and subsequent interception with iodine, to the iodide 3d and the diiodide 4d in 75 and 15% yield, respectively.
Analysis of the iodide 3d by 1 H NMR showed a 69% de, and comparison with previously reported spectral 13 C NMR data 16r allowed the main diastereoisomer to be identified as S P (entry 1). The base employed being a 1:1 mixture of Zn(TMP) 2 and Li(TMP), 7i the sequential addition to the substrate 2d of a THF solution of ZnCl 2 ·TMEDA (1 equiv) and Li(TMP) (2 equiv) and, 30 min later, a THF solution of Li(TMP) (1 or 2 equiv) at -30 °C was attempted. After 2 h stirring at this temperature and iodolysis, no diiodide was observed but a mixture of the iodide 3d (37 or 45% yield, respectively) with starting material 2d (35 or 27%) . Under these conditions, the de, still in favor of the S P diastereoisomer, was slightly improved to reach 76 or 79%, respectively (entries 2 and 3). Using the corresponding lithium-cadmium base, prepared from CdCl 2 ·TMEDA (1 equiv) and Li(TMP) (3 equiv), the diiodide 4d proved to be the only product formed (entry 4). Reducing the amount of base furnished the monoiodide 3d, but in moderate yield and de similar to that obtained using the lithium-zinc base (entry 5).
Encouraged by these preliminary results, we decided to consider the use of chiral groups with which monometal lithium bases are not compatible. A literature survey showed that ferrocene chiral esters have never been used for this purpose.
13b,13e In a previous paper, we reported the possible deprotonative metalation of ferrocene esters using the all TMP lithium-zinc and lithium-cadmium combinations. Inspired, we turned our attention to the variety of chiral ferrocene esters 6a-n, prepared from ferrocenecarboxylic acid and the alcohols 5a-n (Scheme 2) under classical conditions, 19 in order to attempt their diastereoselective deproto-metalation. Scheme 2. Chiral alcohols 5 used to prepare the ferrocene esters.
The metalation of PMB-and TBDPS-protected (R)-2-hydroxypropyl ferrocenecarboxylate 6a,b was first attempted using the lithium-cadmium base prepared in situ from CdCl 2 ·TMEDA (x equiv) and Li(TMP) (3x equiv) in THF at room temperature (Table 2) . With x = 1, the diiodides 8a,b were formed in low to moderate yields (29 and 68%, respectively, entries 1 and 2). However, reducing the amount of base (x = 0.5) resulted in the formation of the monoiodides 7a,b as major products (entries 3 and 4).
Subsequent reduction to 2-iodoferrocenemethanol (9) using DIBAL-H, 20 and analysis by HPLC using a chiral stationary phase (AS-H) showed that the metalation was not sufficiently diastereoselective. Table 2 . Metalation of PMB-and TBDPS-protected (R)-2-hydroxypropyl ferrocenecarboxylates 6a,b using the all TMP lithium-cadmium base followed by trapping with I 2 . Next, another set of chiral ferrocene esters 6c-e were taken up for study, prepared from (R)-N-(tert-
D-xylofuranose (5d) and 1,2:3,4-di-O-isopropylidene-α-D-galactopyranose (5e) as primary alcohols, and ferrocenecarboxylic acid under the earlier mentioned conditions. These esters were converted to the corresponding iodo derivatives 7c-e (Scheme 3, Table 3 ). While the metalation of 6c proved difficult, giving only a low yield in the presence of 1 equiv of the lithium-cadmium base (entry 1), that of 6d,e proceeded efficiently using 0.5 equiv of base (entries 2 and 3). As previously observed for 6a,b, even herein low diastereoselectivities were obtained in favor of the R P diastereoisomer when 5c was the chiral alcohol used, and in the favor of the S P diastereoisomer when 5d,e were the chiral alcohols. Based on the above results, it was presumed that if the chiral group could be moved closer to the deprotonation site, the ees (des) could be improved; thus, secondary alcohols were next considered (Schemes 2 and 3, Table 4 ). Toward this purpose, (1R,2S)-N-(tert-butoxycarbonyl)ephedrine (5f),
, and 2,3:5,6-di-Ocyclohexylidene-α-D-mannofuranose (5i) were converted to the corresponding ferrocene esters 6f-i in good yields. When 6f was consecutively treated by 0.5 equiv of the lithium-cadmium base and then iodine as before, the iodo ester 7f was isolated in 84% yield and an encouraging 30% ee (S P ), as determined after reduction to 2-iodoferrocenemethanol (9) (entry 1). Both the all TMP lithiumcadmium and lithium-zinc bases were tested for the functionalization of the other esters; starting from 6g, no reaction was noted upon contact with the lithium-cadmium base (entries 2 and 3). However, under the same reaction conditions, the use of the lithium-zinc base afforded the expected derivative 6g in 73% yield (entry 4). The reactions from 6f and 6g proceeded with similar diastereoselectivities (entries 1 and 4). Compound 6h was readily metalated using either 0.5 equiv of the lithium-cadmium base or 1 equiv of the lithium-zinc base; the R P diastereoisomer was formed predominantly (20% de, entries 5 and 6). Concerning 6i, the metalation was not complete even with both kinds of base, and low to significant des were obtained in favor of the S P (entries 7-9). It is pertinent to mention that it was possible to avoid the competitive dideprotonation reaction by modifying the R group of the ester, and that using excess of base could improve the diastereoselectivity (compare entries 7 and 8). A thorough study was then undertaken in order to evaluate the parameters responsible for the diastereoselectivity with ferrocene carboxylate 6j derived from inexpensive diacetone-D-glucose (5j).
Different reaction conditions were employed using lithium-cadmium bases (Table 5) . Thus, the first reaction was performed as before using 1 equiv of the all TMP combination to furnish, after interception, the monoiodo derivative 7j in 85% yield and 74% de (entry 1). Using lower reaction temperatures (entries 2 and 3) or different reaction times (entries 4 and 5) had no effect on the conversion. Concerning the diastereoselectivity, reducing the reaction temperature from room temperature to -20 °C led to a de decreased by about 10% (entry 3). Further, the reaction was performed using different solvents. Et 2 O and toluene were first compared with THF; both gave similar yields but lower des (entries 6 and 7). In the absence of LiCl, the reaction carried out in toluene led to a lower conversion (entry 8). On the contrary, the reaction proved more efficient in the presence of TMEDA (5 equiv, 91% yield), but to the detriment of the diastereoselectivity (54% de, entry 9). Hexane was identified as a bad solvent for the reaction, giving the iodide 7j in 28% yield and 40% de (entry 10).
The deleterious effect of TMEDA 22 (5 equiv) on the diastereoselectivity of the reaction performed in THF was demonstrated, affording a high 93% yield but a decreased de (65% instead of 74% without additional TMEDA, entry 11). The similar negative effect of LiCl 23 on the course of the reaction was evidenced by carrying out the reaction in the presence of 10 equiv of this salt: though a high yield was obtained, a lower de was recorded (60% instead of 74% without additional salt, entry 12). In order to chelate LiCl (2 equiv), which is generated in situ due to the reaction between CdCl 2 ·TMEDA and Li(TMP) (3 equiv), and check if any effect on the product profile could be seen, we attempted the use of N,N,N',N'-tetraethylethylenediamine (TEEDA), a known lithium chelating ligand. 24 Unfortunately, using additional TEEDA (5 equiv), the product de was lowered to 56%, a result that could be due to a non-selective complexation of the lithium atoms of LiCl (entry 13).
When the reaction was carried out by discarding all TMEDA sources (i.e. using CdCl 2 instead of CdCl 2 ·TMEDA to prepare the base), a better 82% de was obtained (entry 14). The de could be improved to 90% by adding the substrate to the base at room temperature instead of 0 °C (entry 15), but lower (-30 °C) or higher (40 °C) temperatures were less successful (entries 16 and 17). Table 5 . Metalation of chiral ferrocenecarboxylates 6j,k using lithium-cadmium combinations followed by trapping with I 2 . In order to check the importance of the composition of the base on the course of the reaction, the use of a reagent in situ prepared from CdCl 2 ·TMEDA (1 equiv), Li(TMP) (2 equiv) and BuLi (1 equiv) 8c was attempted; upon reaction in THF at room temperature, the deprotonation still took place albeit resulting in a lower yield but with a 61% de (against 74% using the all TMP base, entry 18).
Additionally, in a bid to improve the diastereoselectivities, the protective group of the diol was modified from a diisopropylidene to a dicyclohexylidene. When the derivative 6k was employed in the reaction instead of the corresponding derivative 6j, a 54% de was obtained against 74% when 6j was the chiral ester (entry 19).
Lithium-zinc combinations were also employed to attempt the diastereoselective deproto-metalation of ferrocene carboxylate 6j ( Table 6 ). The first reaction was performed using 1 equiv of the all TMP base in THF at room temperature for 2 h. After interception as before, the iodide 7j was isolated in 86% yield and 54% de (entry 1), a result less interesting than that obtained with the corresponding lithiumcadmium base (Table 5 , entry 1). By performing the reaction at -30 °C or -50 °C using the base prepared from ZnCl 2 ·TMEDA (1 equiv) and Li(TMP) (4 equiv), the de was increased by about 10%
(entries 2 and 3). In contrast, when the reaction mixture was warmed to room temperature after combining base and substrate at -30 °C, a moderate 53-56% de (similar to that obtained under the conditions described for entry 1) was noted (entries 4-6). By using the base prepared from ZnCl 2 instead of ZnCl 2 ·TMEDA, the efficiency of the deproto-metalation was lowered, even when TMEDA (1 equiv) was present in THF at the beginning of the reaction (entry 5) or added later (entry 6). Lower yields and des were noted by using hexane containing 5 equiv of TMEDA 7a or dimethoxymethane (DMM) as solvent (entries 7 and 8).
The base prepared from ZnCl 2 ·TMEDA (1 equiv) and Li(TMP) (3 equiv) being a 1:1 mixture of Zn(TMP) 2 and Li(TMP), 7i the effect on the diastereoselectivity of adding separately both amides was studied. To this purpose, the addition to a THF solution of the substrate 6f containing ZnCl 2 ·TMEDA
(1 equiv) and Li(TMP) (2 equiv) of a THF solution of Li(TMP) (1 or 2 equiv) was attempted. After 2 h stirring at this temperature and iodolysis, the de was slightly improved to reach 64 or 72%, respectively (entries 9 and 10). A similar diastereoselectivity was obtained by adding Li(TMP) (3 equiv) to a mixture of ZnCl 2 ·TMEDA and 6f under the same conditions (entry 11).
In the case of the lithium-zinc base, a deleterious effect of TMEDA on the diastereoselectivity was not observed (54% de with and without TMEDA, entry 12). In the case of the mixed lithium-zinc base, replacing one TMP by a butyl group 7e did not reduce the diastereoselectivity, and a 55% de (entry 13), slightly lower than that noted using the corresponding lithium-cadmium base (Table 5 , entry 18), was obtained. The impact of the diol protection was also checked using the all TMP lithium-zinc base; no difference was noticed between the diisopropylidene 6j and the corresponding dicyclohexylidene 6k
(entry 14). Table 6 . Metalation of chiral ferrocenecarboxylates 6j,k using lithium-zinc combinations followed by trapping with I 2 . c Base transferred to the substrate. d TMEDA slowly added at -30 °C. e Reduction using DIBAL-H provided the alcohol 9 in 94% yield and 42% ee (S P ). f Sequential addition of Li(TMP) (2 equiv) and, 10 min later, RLi (1 or 2 equiv). g Substrate mixed with ZnCl 2 ·TMEDA before addition of Li(TMP) (3 equiv). h Using the base in situ prepared from ZnCl 2 ·TMEDA (1 equiv), Li(TMP) (2 equiv) and BuLi (1 equiv). I Reduction using DIBAL-H provided the alcohol 9 in 93% yield and 60% ee (S P ). j Reduction using DIBAL-H provided the alcohol 9 in 96% yield and 57% ee (S P ). Double asymmetric induction 25 was attempted using commercial (R)-and (S)-bis(1-phenylethyl)amine as ligand source instead of 2,2,6,6-tetramethylpiperidine. When 6j was reacted with a base prepared from ZnCl 2 ·TMEDA (1 equiv) and the (R) or (S) lithium amide (3 equiv), the iodide 7j was obtained in 67 and 24% yield, and 79 and 10% de in favor of the (S P )-diastereoisomer, respectively. In addition, upon treatment by a base prepared from CdCl 2 (1 equiv) and the (R) lithium amide (3 equiv) under the same reaction conditions, the iodide 7j was obtained in 97% yield, and 80%
de. The sequential addition to a THF solution of the substrate 6j containing ZnCl 2 ·TMEDA (1 equiv) at room temperature of two THF solutions of (R) lithium amide (2 equiv) at 10 min interval was next attempted. Trapping using iodine after 2 h contact led to both good yield and de (Scheme 4). Scheme 4. Metalation of chiral ferrocenecarboxylate 6j using a chiral lithium-zinc combination followed by trapping with I 2 .
By involving in similar reactions the ester 6l, which differs from 6j at the C3 configuration of the sugar substituent, a good conversion to the iodide 7l was observed (64 and 82% yield using the all TMP lithium-cadmium and lithium-zinc base, respectively) but with a disappointing excess in favor of the S P diastereoisomer (32% ee in both cases, Scheme 5). Scheme 5. Metalation of chiral ferrocenecarboxylate 6l using lithium-cadmium and lithium-zinc bases followed by trapping with I 2 .
In order to evaluate chains more coordinating toward metals, we considered the reaction of the ferrocenecarboxylate 6m (Table 7) , generated from 5-(tert-butoxycarbonylamino)-5-deoxy-1,2-Oisopropylidene-α-D-xylofuranose (5m), as the next example. Upon reaction with 1 equiv of the all TMP lithium-cadmium base, 6m was converted to the corresponding iodide 7m in 84% yield and in moderate diastereoselectivity (entry 1). In order to improve the diastereoselectivity, pre-treating the substrate with 1 equiv of an organolithium reagent for abstracting the NH proton was considered. The selectivity could be improved but at the cost of the yields (entries 2 and 3). As observed with previous substrates, the lithium-zinc base proved less efficient (entries 4 and 5). Table 7 . Metalation of chiral ferrocenecarboxylates 6m (or a lithium derivative) using lithiumcadmium and lithium-zinc bases followed by trapping with I 2 . The ferrocenecarboxylate 6n, synthesized from 6-(tert-butoxycarbonylamino)-6-deoxy-3-O-methyl-1,2-O-isopropylidene-α-D-glucofuranose (5n), showed better results (Table 8) . Consecutive treatment with butyllithium (1 equiv) and the all TMP lithium-cadmium base (0.5 equiv) afforded the iodide 7n in 28% yield and an estimated 60% de, this time in favor of the R P diastereoisomer (entry 1). Without butyllithium and using 1 equiv of base, the yield was improved, and a similar diastereoselectivity obtained. Under these conditions, both diastereoisomers were separated by column chromatography over silica gel (entry 2). The main stereoisomer R P -7n was notably isolated in 34% yield and 98% de and identified unambiguously through its reduction with DIBAL-H to afford R-9. More importantly, the corresponding but less toxic lithium-zinc base led to similar results (35% yield and 96% de for the stereoisomer R P -7n, entry 3). When applied to the ester 6n, the sequential addition of two THF solutions, a first prepared from ZnCl 2 ·TMEDA or ZnCl 2 (1 equiv) and Li(TMP) (2 equiv) and, 15 min later, a second of Li(TMP) (2 equiv) afforded R P -7n in 51 and 57% yield, respectively (entries 4 and 5). Table 8 . Metalation of chiral ferrocenecarboxylates 6n (or a lithium derivative) using lithium-cadmium and lithium-zinc bases followed by trapping with I 2 . Lithiation experiments on aryl carboxamides showed that the orientation of the functional group has an impact on the efficiency of the metalations at the ortho position. In particular, the coplanarity of the oxygen and activated hydrogen within the ring favors the reaction. 26 We first compared the dihedral angle between the upper plane of the ferrocenyl moiety and the ester from the crystal structures of 6c, 6d, 6e, 6i, 6j, 6k and 6l obtained (Figure 1 ) with the planar configuration of the main diastereoisomer of 7c, 7d, 7e, 7i, 7j, 7k and 7l observed (Table 9) . Except in the case of 6d and 6e, for which des below 10% were recorded, a dihedral angle of about 180° corresponds to major formation of the R P diastereoisomer and a dihedral angle of about 0° to major formation of the S P diastereoisomer. Figure 1 . ORTEP diagram (30% probability) of 6c, 6d, 6e, 6i, 6j, 6k and 6l. Table 9 . Dihedral angle between the upper plane of the ferrocenyl moiety and the ester for 6c, 6d, 6e, 6i, 6j, 6k and 6l, and expected and observed planar configurations for 7. 
We next attempted a rationalization of the diastereoselectivity observed through DFT calculations.
While the solid-state structure of 6j was obtained, we investigated the conformation of 6j in solution, which should affect the reaction outcome. In order to identify more stable conformers, geometrical In order to reach new kinds of ferrocene derivatives, coupling reactions were attempted using the iodoesters 7. Firstly, it was decided to attempt Ullmann-type coupling reactions on the iodoferrocenecarboxylate R P -7j, synthesized as described in Scheme 4, and isolated by chromatography over silica gel in about 75% yield. The reagent system comprising NiCl 2 (PPh 3 ) 2 , triphenylphosphine, zinc and sodium hydride, reported by Lin and Hong in 2001, 27 was attempted for this purpose, but only led to the deiodinated compound 6j. In contrast, when methyl 2-iodoferrocenecarboxylate rac-7o, easily prepared by deprotonation-iodination, 7d was involved in the reaction under the same conditions, the expected self-coupling products were obtained, and separated by chromatography over silica gel (Scheme 7). The meso derivative meso-10o and the racemic mixture rac-10'o were isolated in 53 and 15% yield, respectively, and both were unambiguously identified by X-ray diffraction (Figure 2 ). According to the result obtained from rac-7o, the reactions between opposite enantiomers (R P -7j and S P -7j, to afford meso-10o, 53% yield) appears as more likely than the reactions between same enantiomers (to give rac-10'o, 15% yield), because of ferrocene-ferrocene hindrance. When the methyl ester is replaced by the sugar-based group (substrate R P -7j), a meso compound cannot be obtained any more, and the formation of the R P ,R P coupled derivative becomes unlikely, probably for steric reasons.
Suzuki-type coupling reactions were finally performed from the 2-iodoferrocenecarboxylates S P -7j
and R P -7n (Scheme 8). Reaction of 4-methoxyphenylboronic acid with rac-7o was first carried out as a test reaction in the presence of cesium fluoride in order to avoid the use of basic reagents. 28 The reaction proceeded at the reflux temperature of toluene using catalytic amounts of Pd(dba) 2 and triphenylphosphine, affording the expected 4-methoxyphenyl derivative rac-11o in 97% yield. S P -7j
and R P -7n were similarly involved in the reaction, affording the coupled products R P -11j and S P -11n, respectively. 
Conclusion
In summary, several chiral esters were screened for their ability to induce diastereoselective deprotometalation reactions of ferrocenes using mixed lithium-cadmium and lithium-zinc bases. Due to the tolerance of these bimetallic combinations toward reactive functional groups, many substrates were functionalized at room temperature. Among the different groups tested, two proved impressive: the one present in ferrocenecarboxylate 6j, generated from commercially available inexpensive diacetone-Dglucose (5j), allowing the synthesis of the iodo derivative 7j in either 74% yield and 90% de (S P diastereoisomer) using the TMEDA-free all TMP lithium-cadmium base or 85% yield and 91% de using a chiral lithium-zinc base (double asymmetric induction), and the one present in ferrocenecarboxylate 6n, synthesized from 6-(tert-butoxycarbonylamino)-6-deoxy-3-O-methyl-1,2-Oisopropylidene-α-D-glucofuranose (5n), leading to the iodo derivative R P -7n in 57% yield.
Through X-ray diffraction data of the ferrocene substrates or/and more accurate calculations of the most stable conformer, we could observe a direct link between the dihedral angle between the upper plane of the ferrocenyl moiety and the ester, and the planar chirality observed in the main diastereoisomer: a dihedral angle of about 180° corresponds to major formation of the R P diastereoisomer and a dihedral angle of about 0° to major formation of the S P diastereoisomer. 
Experimental Section
1,2-O-Isopropylidene-3,5-O-(ferrocenylmethylene)-α-D-xylofuranose
(2S,4R)-tert-Butyl 4-hydroxy-2-(tert-butyldiphenylsilyloxymethyl)-1-pyrrolidinecarboxylate
(5g) was prepared following a described procedure, 34 
5-(tert-Butoxycarbonylamino)-5-deoxy-1,2-O-isopropylidene-α-D-xylofuranose (5m) and 6-(tert-Butoxycarbonylamino)-6-deoxy-3-O-methyl-1,2-O-isopropylidene-α-D-glucofuranose
(5n)
were prepared by adapting a described procedure. 35 Their analyses were as described previously. 
(S)-[N-(tert-Butoxycarbonyl)-2,2-dimethyl-4-oxazolidyl]methyl ferrocenecarboxylate (6c)
was prepared from 5c (0.93 g) and was isolated (eluent: 88:12 heptane-EtOAc) as a red powder (yield: 
6-O-(Ferrocenecarbonyl)-1,2-O-isopropylidene-3-O-methyl-α-D-xylofuranose (6d) was
prepared as described previously. 15 Its structure was identified unequivocally by X-ray structure analysis (CCDC 798861) from crystals obtained by slowly evaporating a 2:8 CH 2 Cl 2 -pentane solution.
6-O-(Ferrocenecarbonyl)-1,2:3,4-di-O-isopropylidene-α-D-galactopyranose (6e) was
prepared as described previously. 15 Its structure was identified unequivocally by X-ray structure analysis (CCDC 798860) from crystals obtained by slowly evaporating a CH 2 Cl 2 solution.
(1R,2S)-2-[N-(tert-Butoxycarbonyl)-N-methylamino]-1-phenylpropyl
ferrocenecarboxylate (6f) was prepared from 5f (1. 
3-O-(Ferrocenecarbonyl)-5-O-(tert-butyldiphenylsilyl)-1,2-O-isopropylidene-α-Dxylofuranose (6h) and 1-O-(ferrocenecarbonyl)-2,3:5,6-di-O-cyclohexylidene-α-D-mannofuranose
(6i) were prepared as described previously. 15 The structure of 6i was identified unequivocally by X-ray structure analysis (CCDC 798862) from crystals obtained by slowly evaporating a 7:3 hexane-CH 2 Cl 2 solution.
3-O-(Ferrocenecarbonyl)-1,2:5,6-di-O-isopropylidene-α-D-glucofuranose (6j) was prepared
as described previously. 15 Its structure was identified unequivocally by X-ray structure analysis (CCDC 798863) from crystals obtained by slowly evaporating a 1:1 pentane-CH 2 Cl 2 solution. 15 (6k) was prepared as described previously. 15 Its structure was identified unequivocally by X-ray structure analysis (CCDC 970487) from crystals obtained by slowly evaporating a 7:3 hexane-CH 2 Cl 2 solution.
3-O-(Ferrocenecarbonyl)-1,2:5,6-di-O-cyclohexylidene-α-D-glucofuranose
3-O-(Ferrocenecarbonyl)-1,2:5,6-di-O-isopropylidene-α-D-allofuranose (6l) was prepared
as described previously. 15 Its structure was identified unequivocally by X-ray structure analysis (CCDC 798864) from crystals obtained by slowly evaporating a 7:3 hexane-CH 2 Cl 2 solution.
5-(tert-Butoxycarbonylamino)-5-deoxy-3-O-(ferrocenecarbonyl)-1,2-O-isopropylidene-α-D-xylofuranose (6m) and 6-(tert-butoxycarbonylamino)-6-deoxy-5-O-(ferrocenecarbonyl)-1,2-O-
isopropylidene-3-O-methyl-α-D-glucofuranose (6n) were prepared as described previously. The mixture was stirred overnight before addition of an aq saturated solution of Na 2 S 2 O 3 (10 mL) and extraction with EtOAc (3 x 20 mL). After drying over anhydrous Na 2 SO 4 , the solvent was evaporated under reduced pressure, and the iodide was isolated by purification by flash chromatography on silica gel. (b) General procedure for the conversion of 2-iodoferrocenecarboxylates 7 to 2-iodoferrocenemethanol (9). 21 The required diastereoisomeric mixture of iodoferrocenecarboxylates 7 (0.30 mmol) was dissolved in THF (3 mL), and a 1.0 M DIBAL-H solution in heptane (1.2 mL, 1.2 mmol) was added dropwise at 0 °C. The mixture was stirred at this temperature for 1 h before quenching by addition of MeOH (0.5 mL), dilution with Et 2 O (10 mL), and addition of an aqueous saturated solution of sodium and potassium tartrate (10 mL) at 0 °C. After stirring for 30 min at room temperature, extraction with Et 2 O and drying over anhydrous Na 2 SO 4 , the solvent was evaporated under reduced pressure, and 2-iodoferrocenemethanol (9) was isolated as orange crystals by purification by flash chromatography on silica gel (eluent: 88:12 heptane-EtOAc). HPLC analysis on a chiral stationary phase (AS-H column, eluent: 9:1 hexane-isopropanol, 1 mL/min, = 252 nm) gave two well separated peaks for the two enantiomers of 2-iodoferrocenemethanol (R P -9, 12.5 min, and S P -9, 22.2 min). 68%). The analyses were as described previously. afforded 2-iodoferrocenemethanol (9) in 98% yield and 1% ee (S P ).
(2S,4S
(R)-2-(tert-Butyldiphenylsilyloxy
5-O-(2-Iodoferrocenecarbonyl)-1,2-O-isopropylidene-3-O-methyl-α-D-xylofuranose
(diastereoisomeric mixture) (7d) was prepared from 6d (1.7 g) and was isolated (eluent: 88:12 heptane-EtOAc) as a red oil (yield: 92%). The analyses were as described previously. 15 The mixture was stirred overnight before addition of an aq saturated solution of Na 2 S 2 O 3 (10 mL) and extraction with EtOAc (3 x 20 mL). After drying over anhydrous Na 2 SO 4 , the solvent was evaporated under reduced pressure, and the iodide was isolated by purification by flash chromatography on silica gel. anhydrous Na 2 SO 4 , the solvent was evaporated under reduced pressure, and the iodide R P -7n was isolated by purification by flash chromatography on silica gel. It was isolated (eluent: 7:3 heptaneEtOAc) as an orange gum (yield: 57%). The analyses were as described previously. 
